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Testing line-link circuit in 
crossbar laboratory 


HE channel terminal, de- 

scribed in a previous issue*, 

will be common to all the new 
broad-band carrier systems. It pro- 
vides the basic twelve-channel group 
and requires twelve carrier frequen- 
cies spaced four kilocycles apart from 
64 to 108 kc, inclusive. Besides these 
twelve-channel carrier frequencies the 
broad-band systems require other 
carrier frequencies to locate complete 


*May, 1938, page 315. 
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Carrier Supply 
for 


Type K Systems 


By C. H. BIDWELL 
Equipment Development Department 


groups in different frequency posi- 
tions by modulation. In the type K 
system, one additional carrier fre- 
quency is required. 

The carrier-supply equipment em- 
ploys a basic frequency of 4 ke and 
provides all the carriers by harmonic 
generation. The “odd” harmonics of 
4 ke are obtained directly from the 
output of a magnetic harmonic gener- 
ator, while the “even” harmonics are 
obtained through a copper-oxide recti- 
fier bridged across the generator out- 
put. Six filters, passing frequencies of 
68, 76, 84, 92, 100 and 108 ke, are 
connected in parallel across the “odd” 
harmonic branch, and six filters pass- 
ing frequencies of 64, 72, 80, 88, 96 
and 104 kc, are bridged across the 
“‘even” branch. From the output 
of each of these filters, branch circuits 
are connected to supply a total of ten 
terminals from the same carrier- 
supply equipment. The additional 
carrier of 120 kilocycles, required for 
group modulation in the type K 
system, is taken off through another 
filter connected to the “even” branch, 
and after amplification this carrier 
frequency is distributed to the group 
modulators and demodulators. 

The method of harmonic generation 
employed is described in a previous 
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article.* The carrier-supply equipment 
designed for commercial systems in- 
cludes, in addition, precautions to 
guard against failure of carrier power. 
An interruption of the supply for the 
type K systems, for example, might 
mean that 120 talking circuits would 
be out of service. Consequently, it is 
necessary that adequate protective 
measures be provided. 

Dependability of supply is secured 
partly by precautions taken to guard 
against accidental short circuits or 
grounds at points where the carrier 
supply for a large number of circuits 
would be affected, and by the use of 
protective resistances in the leads 
supplying each modulator and de- 


*RecorD, July, 1937, page 357. 


modulator circuit. The major pre- 
caution, however, is the provision of 
two complete carrier generators, one 
of which normally carries the load, 
and the other of which automatically 
picks up the load on failure of the 
carrier supply. 

The arrangement of the circuit is 
indicated by the simplified schematic 
of Figure 1. Here the regular carrier 
generator is shown at the upper left, 
and the emergency generator—ex- 
actly like it—at the lower left. Be- 
tween them is the transfer circuit 
that, in case of failure of the carrier, 
transfers the load to the emergency 
generator so rapidly that there is no 
appreciable interruption of telephone 
service. At the right of the schematic 
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Fig. 1—The carrier-supply equipment includes a regular and emergency generator, 
both connected to the same output circuits 
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are the filters and distributing cir- 
cuits that select the twelve channel 
harmonics and distribute them to the 
ten systems. The 120-ke filter and 
amplifiers for the group carrier are 
also shown in Figure 1. 

Both the regular and emergency 
generators are connected permanently 
to the twelve carrier filters through 
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Fig. 2—Simplified schematic of the transfer 
circuit which starts the emergency generator 
on failure of the regular one 


hybrid coils so that in case of carrier 
failure no switching through contacts 
is required; the connections to the 
hybrid coils are such that the carriers 
will flow from either generator to the 
load but not into the other generator. 
There is one hybrid coil for the group 
of odd harmonics, and one for the 
even. The 120-kc supply does not 
pass through a hybrid coil, but is 
taken directly from the output of the 
copper-oxide rectifier of each gener- 
ator. Normally the regular generator 
supplies the carrier, and the emer- 
gency generator is made inoperative by 
a negative bias on the grid of its con- 
trol tube. When the regular generator 
fails, this negative bias is at once 
reduced to zero, and the emergency 
generator immediately picks up the 
load with practically no interruption. 
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A simplified schematic of the trans. 
fer circuit is shown in Figure 2, where 
lead xc runs to the grid of the control 
tube of the regular generator, and 
lead Ec, to the grid of the control tube 
of the emergency generator. Either 
generator becomes inoperative when 
the potential over its control grid is 
below about —g volts, and becomes 
operative when the voltage is at zero 
potential or above. 

The transfer circuit consists of a 
potentiometer formed of resistances 
Ri, Re and Rs, and a circuit consisting 
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Fig. 3—Potential diagrams for the transfer 

circuit: Above, when the regular generator ts 

operating, and below, when the emergency 
generator is operating 
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of a gas-filled tube and a relay 
that shunts resistances R,; and 
rn. The grid of the gas-filled 
tube is held negative by the 
output of the regular carrier 
generator through a copper- 
oxide rectifier, so that the gas- 
filled tube is non-conducting 
as long as the regular supply 
unit is generating. When the 
regular generator fails, how- 
ever, the negative bias on the 
suppressor grid disappears, 
and the gas-filled tube breaks 
down and passes current. 

The lead from the control 
tube of the regular generator 
connects to the transfer circuit 


emergency generator at point 


Fig. 4—The 120-kc amplifier and filter 

panel is shown at the top and the carrier 

generator below it. The narrow panel at the 
bottom is the transfer circuit 
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at point c, and that from the “Kgs 


Fig. 5—Two of the even-carrier distributing 
panels are shown at the top while the 120-kc 
distributing panel is shown below 


E. These two points of the circuit have 
different potentials depending on 
whether the gas-filled tube is passing 
current or is non-conducting. Under 
the latter condition point c is at zero 
potential and point E at —24 volts, 
while when the gas-filled tube is 
passing current point c is more nega- 
tive than —g volts and point E is zero. 

The potentiometer consisting of 
Ri, Re and R; is supplied from a 130- 
volt and a 24-volt battery with a 
ground between them, so that one end 
of the potentiometer is at —24 volts, 
and the other at +130 volts. The 
potential distribution around the cir- 
cuit when the gas-filled tube is non- 
conducting is as shown in the upper 
part of Figure 3. The entire rise in 
potential through the 130-volt battery 
is lost across resistances Rs; and Re so 
that at point c the potential is zero. 
Across R; the potential drops to —24 
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Fig. 6—Rear of carrier-supply equipment 


volts, and point £, connected in an 
open circuit branch at this point, is at 
the same voltage. 

The potential distribution when the 
gas-filled tube is passing current is 
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shown in the lower part of Figure 3, 
Under these conditions there js aq 
shunting circuit of comparatively 
low resistance from B to D, and the 
potential curve between these points 
will have two branches. As a result of 
the shunt, a heavier current flows 
through Rr; and the voltage drop 
across it is much greater than before, 
The potential over path B-c-p shown 
by the solid line drops to about —12 
volts at c, and thus holds the regular 
generator inoperative. The drop over 
branch B-E-D is divided between the 
gas-filled tube and the relay, and 
results in a potential of zero at g, 
which makes the emergency generator 
operative. This transfer is accom- 
plished almost instantaneously. With 
the interruption of the carrier supply 
to the copper-oxide rectifier, the volt- 
age on the grid of the gas-filled tube— 
which was held negative by the recti- 
fied carrier voltage—drops to zero, 
and the tube at once discharges, form- 
ing the branch path between B and D 
and starting the emergency generator. 

Besides the circuit elements already 
discussed, the transfer circuit also in- 
cludes a key, marked RELEASE on the 
diagram, which is used to transfer the 
load back to the regular generator 
after the trouble has been cleared. 
Other keys are used for transferring 
the load to either generator manually. 
The relay shown is to give an alarm 
on failure of the regular generator, 
and other alarms, not shown, are in- 
cluded in the transfer circuit. 

As a further precaution against 
interruption, the ten branch circuits 
from each of the twelve channel- 
carrier frequencies have protective 
resistances of such values that a 
short circuit across any one of them 
will not cause a material reduction in 
the carrier voltage at the bus bars. 
A similar provision is made for the 
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branch circuits from the regu- 
lar and emergency 120-kc 
busses. These circuits are not 
connected through hybrid 
coils, but are tied directly to- 
gether by pairs of protective ; 
resistances, with the branch fim 


circuits connected between 
each pair. These 120-kc supply 
circuits include amplifiers be- 
cause of the higher level of 
carrier power required, and 
since the amplifiers prevent 
any back feed from one supply 
circuit to the other, a hybrid 
coil is not needed. All the 
carrier-supply circuits are pro- 
tected by insulating guards 
over all terminals or exposed 
parts where a short circuit 
would put a number of circuits 
out of service. 

This carrier-supply equip- 
ment is mounted on a single 
bay of relay rack as shown on 
the photograph at the head of 
this article. Each carrier gen- 
erator is mounted on a sepa- 
rate panel with its 120-kc 
supply on a narrower. panel 
immediately above it as shown in 
Figure 4. These two panels are 
mounted under a single can cover. 
The two generators are mounted on 
the lower part of the frame, with the 
transfer circuit, shown in the lower 
part of Figure 4, mounted on a 
separate panel between them. The 
distribution units are at the top of the 
frame: one for the even and one for the 
odd harmonics, and one for 120 kc. 
The units for the odd and even har- 
monics each consist of six panels 
mounted under two can covers as 
shown in Figure 7, while that for the 
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Fig. 7—The even harmonic distributing unit con- 
sisting of six panels is mounted between the odd 
harmonic and 120-ke units. The hybrid coil for 
the even harmonics ts on the small panel at the bottom 


of the unit 


120-kc has one panel under a single 
can cover. Figure 5 shows the two 
lower panels of the even unit and 
the 120-kc unit below it. The pro- 
tecting strips have been removed from 
the terminals of the busses of one 
of the even-harmonic panels. All the 
equipment that might require main- 
tenance attention is mounted on the 
front of the panels, where it is readily 
accessible, while such equipment as 
filters, and hybrid coils, which are 
assembled in sealed containers, is 
mounted in the rear of the panels as 
shown in Figure 6. 
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Paper As a Medium in Microanalysis 


By H. W. HEKMANCE 
Chemical Laboratories 


STREAK of dirt across a strip 

of paper is an unpromising 

specimen for chemical analysis 
and yet this is often all that can be 
obtained from the tiny surfaces which 
the micro-chemist is asked to examine. 
Flasks, test tubes and other glass 
vessels of conventional form, even 
when reduced to the smallest dimen- 
sions, are practically useless for ma- 
nipulating such minute amounts of 
matter. Instead a narrow strip of 
purified, hardened paper is used to 
collect the sample and then serves as 
the medium in which many of the 
subsequent analytical operations are 
carried out. This avoids, to a large 


Fig. 1—The minute amounts of foreign 

matter which accumulate on contacting sur- 

faces are collected on a purified, hardened 
paper strip for microanalysis 
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extent, the handling and transferring 
of the material. The method has been 
used to determine among other things 
the composition of foreign matter 
which sometimes accumulates on the 


Fig. 2—The substances on the paper strip 
are separated into groups by capillary ex- 
traction with volatile solvents. They are de- 
posited by evaporation in separate narrow 
bands on the paper above the sample streak 


contacting surfaces of machine switch- 
ing apparatus. By rubbing the con- 
tacts with the paper, which is held in 
a suitable holder, as shown in Figure 
I, a composite sample from fifty or 
more such contacts is obtained as a 
dark streak of gummy material weigh- 
ing only a few tenths of a milligram. 
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Fig. 3—Paper strips showing bands of 
material deposited from various solvents 


The first step in the analysis is to 
suspend the paper strip vertically 
with the lower end dipping into a 
volatile solvent so adjusted that the 
surface of the liquid is slightly below 
the streak of collected material, Fig- 
ure 2. Capillary action draws the 
solvent upward into the strip as oil is 
drawn up a lamp wick. As the solvent 
moves upward through the streak, 
certain of its components are dis- 
solved and carried along. Eventually 
evaporation of the solvent leaves the 
extracted substances in the form of a 
narrow deposit on the pee con- 
siderably above the streak. A special 
flask with an elongated neck controls 
the location of the deposition zones 
by protecting the solvent against 
evaporation until it has climbed to 
the desired height. At this point, 
evaporation is accelerated by a cur- 
rent of air, which restricts the area 
over which evaporation occurs and 
produces narrow deposition bands. By 
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varying the solvent, the lengths of the 
flask necks and the intermediate 
treatments with reagents such as acid 
vapors, a series of extractions can 
be made which give several separated 
zones on the paper each of which con- 
tains a particular group of compo- 
nents from the original complex mix- 
ture. In Figure 3, for example, zone 1 
consists of materials insoluble in ben- 
zene, water and acid; zone 2 of 


Fig. 4—A capillary burette for controlling 
the introduction of minute quantities of solu- 
tion into impregnated paper to effect auto- 
matic separation of two or more metal ions 


metals originally present as salts of 
fatty organic acids; zone 3 of uncom- 
bined metals and inorganic combina- 
tions of metals such as oxides and 
sulphides; and zone 4 of asphaltic and 
gummy substances with the organic 
acids liberated in zone 2. Each zone 
is cut out and examined separately. 

The nature and amount of the in- 
soluble mineral matter in zone 1 are 
determined by microscopic study after 
destruction of the paper; for example, 
by careful incineration in a small plat- 
inum capsule that is placed in a tiny 
quartz-lined electric furnace. 

Copper and iron are among the 
metals most likely to be found in 
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zones 2 and 3. Their simultaneous de- 
tection, based on a separation of 
products by capillary flow, is another 
interesting example of the use of 
paper as a medium for analytical re- 
actions. The metal salts contained in 
the zones, from which all superfluous 
paper has been trimmed, are ex- 
tracted in small drops of water. The 


Fig. 5—Reactions involving volatile re- 
agents and acid fumes are carried out in a 
heated vapor chamber 


extract is then drawn into the capil- 
lary burette shown in Figure 4, and 
flowed out slowly from the extremely 
fine orifice of this burette into paper 
impregnated with barium carbonate. 
The iron precipitates at the point of 
entry as hydroxide while the copper 
remains dissolved and flows out with 
the spreading drop. After drying, a 
second drop of water washes any 
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Fig. 6—A minute electrolytic cell is used 
to separate metallic constituents. The depo- 
sition is observed under a microscope 


copper which remains in the central 
portion to the periphery of the original 
wet area. The paper is dried again 
and then dipped into potassium fer- 
rocyanide which converts the iron 
into a deep blue spot and the copper 
into a brick red ring. Less than a 
millionth of a gram of these metals 
can be detected in this way. 

Sometimes substances can be re- 
moved from the liquid, as it ascends 
the paper strip, by precipitating 
them in zones on the strip which has 
been previously impregnated with suit- 
able reagents. These transverse bands 
are prepared by precipitating in 
the paper reagents not readily soluble 
in the liquids used but at the same 
time capable of precipitating cer- 
tain substances as the liquid flows 
upward through the reagent. 

When acid treatment is required to 
transform a substance the paper strip 
is hung in the closed vapor chamber, 
shown in Figure 5, and exposed to the 
fumes of the acid. Gaseous reagents 
and vapors of volatile substances can 
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also be admitted to the chamber to 
develop color or other characteristic 
reactions in the paper strip. 

Zinc is found by depositing it from 
an acidulated drop of the paper ex- 
tract in a minute electrolysis cell 
under a microscope as shown in 
Figure 6. As little as five ten-thou- 
sandths of a milligram of this metal 
can be detected by this procedure. 

Organic acids are separated by plac- 
ing the paper section from zone 4 in 
a microdistillation apparatus and de- 
positing tiny droplets or crystals of 
the acids, under reduced pressure, on 


a microscope cover-slip. Such drop- 
lets may then be transformed by re- 
agents into crystalline metallic salts. 
These are identified under the micro- 
scope or, when the distillate appears 
pure and crystalline, their melting 
points determined by using a heated 
stage on the microscope. 

Only a few of the special techniques 
which have been developed in the new 
field of microanalysis can be men- 
tioned but these show the unusual 
means used and the ingenuity re- 
quired to identify the constituents of 
such minute quantities of matter. 


SuNspotT ACTIVITY 


Sunspot activity and radio transmission disturbance are of particular 
interest in relation to transatlantic short-wave radio-telephone circuits. 
The curves below show how sunspots and radio disturbance effects have 
varied since the transatlantic short-wave circuits were put into service 
in 1928. Data for four months in 1938 indicate that the peak of the 
present sunspot cycle 1s passed but that radio disturbance 1s increasing. 
Magnetic and radio disturbances reach a peak some time later than the 
peak of sunspots. Past experience and present trends suggest that the 
peak of radio disturbance will be reached within the next year or two. 
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Experiments on Talking Contacts 


N A typical telephone connection, 
the voice currents pass through as 
many as twenty or thirty metallic 

contacts. It is extremely important 
that these contacts behave themselves 
during a telephone conversation. They 
must not introduce high resistance or 
contribute an appreciable amount of 
noise. Experience has shown that they 
do not always work satisfactorily, for 
reasons which are by no means ob- 
vious, and it is therefore necessary to 
study them to find out why. 

The apparatus shown here was de- 
vised to investigate a contact pair 
under controlled conditions of tem- 
perature. In the square box near the 
top of the picture is a synchronous 
motor; through a gear train it slowly 
unwinds a wire which lowers one con- 
tact onto the other one. 
This wire passes through 
the cover of an electric 
heater (here shown raised); 
temperature of the heater 
is measured by a thermo- 
couple. A close-up view of 
the contact mountings is 
shown in the insert. To pre- 
vent mechanical vibration 
from reaching the contact during test 
the entire apparatus is mounted in a 
soundproof cylinder which is sus- 
pended by springs. All the controls 
are operated after the container has 
been closed and the various electrical 
measurements are made externally. 
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A Voice-Operated Return-Loss 
Measuring Set 


By D. MITCHELL 
Toll Transmission Development 


NE usually thinks of a loss as 

something that should be kept 

as small as possible. Return 
loss, however, is different in this re- 
spect; it should be kept high. The 
reason is that the return loss is not a 
loss suffered by a usable portion of 
the signal current but rather that 
suffered by an undesirable portion. It 
represents the loss over a path along 
which it is desirable that no current 
should pass; and such current as does 
pass is an echo which interferes with 
speech transmission. The net loss at 
which any toll circuit can be operated 
often depends in large measure on the 
value of the return losses of the lines 
at the terminals. 

The effect of return loss can be most 
easily illustrated by a four-wire cir- 
cuit, commonly used for long distance 
transmission. Such a circuit employs a 


separate path for transmission in each 
direction; but at terminals, the two 
paths must be changed to a single 
path for connection to the subscriber 
loop through the switchboard. This 
conversion is accomplished by hybrid 
coils, marked T1 and 12 in Figure 1 
which shows the arrangement of a 
four-wire circuit in schematic form. 
West-bound speech current, travelling 
over the lower path, divides in the 
two central sections of the hybrid 
coil; part going to the network, where 
it is dissipated, and part to the sub- 
scriber. If the impedance of the net- 
work is exactly equal to that of the 
subscriber’s line, the currents in line 
and network will be equal. These cur- 
rents will then oppose each other in 
the windings of the upper transformer 
and no current will be transferred to 
the upper part of the hybrid circuit. 
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Fig. 1—Simplified schematic of a typical four-wire circuit 
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To the extent that the network does 
not balance the line, some of the west- 
bound speech current will be returned 
from the subscriber’s line through the 
hybrid coil to the east-bound channel. 
The “return loss” is defined as the 
amount by which this returned cur- 
rent is below that delivered to the 
subscriber’s line. Obviously it should 
be high if echoes are to be small. 

This particular return loss is called 
terminal return loss to distinguish it 
from that at an intermediate switch- 
ing or two-wire repeater point where 
the outgoing circuit is another toll 
line rather than a subscriber’s loop. 
Since a toll line usually consists of 
fixed facilities, its balancing network 
can be made to duplicate it very 
closely; and thus it is not difficult to 
keep this return loss at a reasonably 


high value. Subscribers’ loops, how. 
ever, vary widely. They differ jn 
length and in characteristics; and also 
they may have different types of sta. 
tion apparatus associated with them, 
There are also differences in the loca] 
circuits within a central office; so that 
all in all it is impracticable to ap. 
proach an accurate balance with the 
local network. 

For any one set of conditions, the 
return loss could be calculated, but 
since each toll call may have a dif. 
ferent local connection, the task of 
calculating all of them and then deter- 
mining the relative frequency of oc- 
currence of the various types would 
be an exceedingly arduous under- 
taking. For the proper design of toll 
lines and equipment, however, it is 
necessary to know the range and 
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Fig. 2—Arrangement of the voice-operated return-loss measuring set 
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relative frequency of occurrences of 
existing values of terminal return loss. 
A circuit was therefore developed 
some years ago with which rapid 
measurements of return loss could be 
made on large numbers of calls. It 
was arranged for connecting to the 


two sides of a four-wire cir- , 


heavy lines on the diagram, there 
would be very large deflections of the 
galvanometer whenever the local sub- 
scriber talked. Since the direction of 
conversation changes very frequently, 
a balance under these conditions is 
dificult to obtain, and there is even 


cuit on the output sides of the 
terminal repeaters, and it 4 


measured return loss by a de- F 


termination of the loss that 


had to be inserted in the signal 
on the incoming side to make 


IN 


LOSS IN DECIBELS 
@ 


it equal to the echo signal in 
the return path. 12 


The arrangement of this 


iN 


circuit is shown schematically 
in Figure 2. The two branches 
of the measuring circuit are 
connected to the two sides of 
the four-wire line through 
high-resistance pads to avoid having 
an appreciable effect on the talking 
circuits. The main part of each of 
these branches includes an amplifier, 
a weighting network, another ampli- 
fier, and a dry-disk rectifier. The out- 
puts of the two rectifiers are connected 
together and the return-loss galvan- 
ometer is bridged across them. The 
branch connected to the incoming 
side of the four-wire circuit also in- 
cludes the return-loss potentiometer. 

The direction of current flow in the 
outputs of the two rectifiers is indi- 
cated by arrows, and is such that the 
currents from the two rectifiers tend 
to deflect the galvanometer in op- 
posite directions. If they are of equal 
value the galvanometer will remain 
undeflected. Return loss is measured 
by inserting loss with the potentiom- 
eter until the galvanometer remains 
undeflected, the reading of the poten- 
tiometer giving the loss directly. 

If the circuit included only the ele- 
ments described above, and shown in 
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Fig. 3—Characteristic of weighting network used 
with the return-loss measuring device 


danger of damage to the meter by its 
large swings when the local sub- 
scriber talks. To avoid this, the cir- 
cuit shown in light lines is included. 
This circuit also has two branches, 
each of which is connected to one 
branch of the main measuring circuit, 
and includes an amplifier and a recti- 
fier. The output of each rectifier is 
connected to one coil of a relay; one 
coil tending to close the relay contact 
and the other to open it; the contact 
itself is in the galvanometer circuit. 
The amount of current in these two 
sub-branches is such that with the in- 
coming speech and the lowest pos- 
sible value of return loss, the relay 
contact will remain closed, and a re- 
turn-loss measurement can be made. 
When the local subscriber talks, how- 
ever, the currents in the upper branch 
become much greater, and the relay 
contact will operate and open the 
galvanometer circuit. This voice- 
operated feature makes the circuit 
automatic in that no attention need 


377 


| 
| 
| 


be paid to the direction of flow of 
speech; it is necessary only to adjust 
the potentiometer so that the gal- 
vanometer needle remains undeflected, 
or deflects equally on both sides, dur- 
ing a single call. 

To be able to balance the energy in 
the two branches of the measuring 
circuit, it is necessary that the input- 
output characteristics of the RL ampli- 
fiers and their rectifiers in each branch 
499.5 
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Fig. 4—Analysis of local return losses 


be closely matched over a fairly wide 
range of energy input. It was not 
found practicable, however, to bal- 
ance them satisfactorily over a range 
greater than 20 or 25 db, which is less 
than the range covered by very weak 
and very loud talkers. Two resistance 
pads were therefore added to the cir- 
cuit—one in each branch—which 
could be connected into the circuit or 
taken out by means of a key. They 
are normally left in the circuit, but 
for very weak talkers, which would be 
indicated by very small deflections of 
the galvanometer, they are removed. 

It was also found that if the po- 
tentiometer setting was wrong by a 
large amount at the beginning of a 
measurement, the galvanometer 
might be deflected violently enough 
o damage it. A shunt resistance was 
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therefore provided that could be con- 
nected across the galvanometer by a 
key. At the beginning of a measure- 
ment the key is closed, and an ap. 
proximate setting of the potentiom- 
eter is made. The key is then opened 
to give full sensitivity. 

As originally built, the circuit did 
not include weighting networks. It 
was soon found, however, that even 
after the best possible balance was 
obtained, there would occasionally be 
large kicks of the galvanometer. This 
was due to the fact that the return 
losses at the edges of the voice band 
varied widely from their values over 
the important range from 500 to 1500 
cycles. Talking tests were therefore 
made to determine the echo effects for 
various band characteristics. It was 
found that with a characteristic as 
shown in Figure 3, the echo effects, 
judged by the annoying effect on 
conversation, were practically the 
same as for a full-width band. Weight- 
ing networks were thus installed, and 
they eliminated the occasional large 
kicks of the galvanometer. 

This circuit was used some time ago 
in an extensive study of terminal re- 
turn losses. The results for three 
thousand different connections on 
calls between Detroit and New York 
are shown in Figure 4. This distribu- 
tion curve shows, for example, that 
for ninety-nine per cent of the connec- 
tions, the return loss was less than 
18 db and that for fifty per cent of the 
calls it was less than 10.5 db, but that 
in only one per cent of the connections 
was it below 3 db. Since then the 
measuring circuit, somewhat modi- 
fied, has been combined in a unit with 
other testing equipment, and is now 
in use in other tests. For the time 
being it is expected that this equip- 
ment will be used only in special in- 
vestigations by the Laboratories. 
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News of the Month 


FieLD TRIAL OF 12-CHANNEL 
OpeEN-WIRE SysTEM 


Tue First Type-J carrier telephone 
equipment made by the Western Electric 
Company is being installed for a field 
trial on the 300-mile open-wire line be- 
tween Jacksonville and West Palm Beach. 
Practically all of the construction work 
on the lines and buildings for this trial 
has been completed, as well as a con- 
siderable amount of preliminary testing. 

The Type-J system permits twelve 
simultaneous telephone conversations in 
both directions to be carried over a pair 
of wires, in addition to a three-channel 
Type-C system, a voice-frequency circuit 
and two direct-current 
telegraph channels. The 
Type-J system uses the 
frequency range above 
that of the Type C, 
starting at about 35 kilo- 
cycles and going up to 
about 140 kilocycles. 

For the field trial ter- 
minals are provided at 
Jacksonville and West 
Palm Beach and re- 
peaters at Daytona 
Beach, Eau Gallie and 
Stuart. The repeater sta- 
tion at Daytona Beach 
will be a ‘‘main”’ station, 
normally attended, those 
at Eau Gallie and Stuart 
will be “auxiliary” sta- 
tions, normally unat- 
tended. The Daytona 
Beach equipment is in- 
stalled in an existing re- 
peater station with 
Type-C voice-frequency 
and telegraph repeaters. 
The buildings at Eau 
Gallie and Stuart are 
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new one-story buildings, 21 feet by 24 
feet, providing space for an ultimate of 
fourteen working repeaters and spares, 
together with a power plant and miscel- 
laneous equipment. Alarm circuits are 
arranged, using a direct-current telegraph 
channel on one of the wires, to signal at a 
main (attended) station a failure of 
equipment or line, an incipient fire or an 
unauthorized entry at an auxiliary station. 

Small houses or huts at the junction of 
the entrance cables and the open wire at 
Jacksonville, Daytona Beach, the north 
side of Stuart and West Palm Beach con- 
tain the filters which separate the “J” 
frequency bands from the other lower 
frequency facilities on the same open 


Filter hut and north terminal pole for Type-f carrier tele- 
phone system at Daytona Beach 
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Filter hut and terminal pole at facksonville 


wire pairs. This permits the “J” fre- 
quency bands to be transmitted over 
non-loaded pairs in the toll entrance 
cables and the lower frequencies over the 
usual “‘C” loaded pairs of these cables. 

The installation of the trial equipment 
is largely finished. Complete performance 
tests will be carried out and the equipment 
eventually placed in commercial use. 

Members of the Laboratories who have 
been engaged in different phases of this 
work in Florida are: A. J. Aikens, H. W. 
Evans, E. P. Felch, C. H. Gorman, 
A. H. Heitmann, R. N. Hunter, L. M. 
Ilgenfritz, S. R. King, R. W. Lange, J. 
Lindner, L. L. Lockrow, C. W. Lund, 
J. Mallett, R. W. Marshall, H. R. Moore, 
O. J. Morzenti, H. B. Noyes, P. C. 
Paquette, A. L. Richey, T. Shaw, J. H. 
Shuhart, W. R. Steeneck, W. H. Tidd, 
M. A. Weaver and A. L. Whitman. 


CoLLoquiuM 
H. E. Ives spoke on The Rate of a 
Moving Atomic Clock at the May 2 meet- 
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ing of the Colloquium. This talk was simi- 
lar to the address he made before the 
National Academy of Sciences, a résumé 
of which will be found on page 11 of last 
month’s News Notes. 

The last meeting of the current season 
was held on May 16, at which Dr. J. B. 
Rhine, of Duke University, spoke on 
“Extra-Sensory Perception.” This sub- 
ject has been investigated under the 
supervision of Professor Rhine in the 
Parapsychology Laboratory at Duke Uni- 
versity for eight years and is now under 
examination in many other places. He 
reviewed the present status of his re- 
search with some of its bearings and 
its difficulties. 


First Atp For VACATION 
EMERGENCIES 


A spectaL First Aid instruction pro- 
gram was offered in June by the Em- 
ployee Service Department, in order to 
assist members of the Laboratories to 
prepare for emergencies which might re- 
sult from accidents occurring during vaca- 
tion or other recreation. 

Motion pictures illustrating life saving 
techniques and safety skills in canoeing 
developed by the American National Red 
Cross in 1937 were shown on June 7 and 
June 9. During a portion of this program 
W. Van B. Claussen, Vice Commodore of 
the American Canoe Association and 
Canoeing Advisor to the American Na- 
tional Red Cross and Boy Scouts of 
America, briefly discussed the subject of 
canoeing and commented on the picture 
in which he was the principal actor. An- 
other motion picture developed by the 
Mulford Biological Laboratories, illus- 
trating the action of a poisonous snake 
while striking, was also shown on June 9, 
and was supplemented by a discussion of 
proper First Aid treatment for snakebite. 
Each of these motion picture sessions 
was attended by approximately 700 
members of the Laboratories. 

On June 13 and June 17, instruction 
and practice sessions were held in the 
Schafer prone pressure method of arti- 
ficial respiration. On June 15, general 
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problems such as treatment of minor 
wounds, burns, insect bites and poison 
ivy, were discussed and the method of 
controlling severe bleeding by application 
of pressure at suitable points was prac- 
ticed. Approximately 400 members of the 
Laboratories participated in these prac- 
tice sessions in which the instruction was 
given by 47 people who had previously 
completed the Standard First Aid Course. 
There will be an opportunity for more 
thorough training next fall when the 
Standard Course of the American Na- 
tional Red Cross will again be offered. 


RECENT PROGRESS IN THE Puysics 
OF HEARING 


New views on the nature of hearing 
impairment, as revealed by a number of 
recent advances in our knowledge of the 
physics of hearing, were reported by J. C. 
Steinberg before the annual meeting of 
the American Society for the Hard of 
Hearing, held in Cleveland on May 25. 
The concept that the loudness of a sound 
is proportional to the rate at which nerve 
impulses reach the brain has the support 
of considerable data which have been 
obtained with normal ears. When this 
concept is applied to the deafened ear the 
effects of nerve deafness on the loudness 
sensation are revealed as very different 
from those of conductive 
deafness. These two 
terms differentiate two 
types of deafness, one 
involving impairments of 
the auditory nerve, the 
other involving impair- 


gardless of their intensity at less than 
normal loudness. That this is actually so 
has been confirmed by various tests with 
people that have one normal and one im- 
paired ear. 

In these tests a tone heard with the 
impaired ear was balanced against one 
heard with the normal ear by alternately 
listening and adjusting the intensity of 
tone on the normal ear until both tones 
were equally loud. If both ears were alike, 
the same intensity would be required on 
each ear. When the impaired ear was con- 
ductively deafened, it always required a 
greater intensity of tone. For a _nerve- 
deafened ear the intensity tended to be- 
come equal to that on the normal ear as 
the level of the tone was raised above the 
deafened threshold. 

From this viewpoint it appears that by 
amplification hearing may be practically 
restored for the conductively deafened; 
but for the nerve deafened, when the 
amplification is great enough for the 
faint sounds to be heard, the strong 
sounds of speech will be annoyingly loud. 
This effect, which has been observed 
frequently by those concerned with the 
fitting of hearing aids, could be materially 
reduced by the use of selective amplifica- 
tion in order that more amplification 
would be provided for the weak sounds 
than for the strong sounds. 


ments of the mechanism 
conducting sound waves 
from the external to the 
inner ear. 

The loudness picture 
shows that to the nerve 
deafened, intense sounds 
tend to be as loud and as 
annoying as to the 
normal hearing. The con- 
ductively deafened, how- 
ever, hear all sounds re- 
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Auxiliary repeater station at Eau Gallie, Florida, for Type-F 
carrier telephone system 
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News Notes 


AT THE ANNUAL CONVENTION of the 
American Association of Museums held 
in Philadelphia from May 1g to 21, F. B. 
Jewett was elected a Vice President. He 
also presented a paper in which he 
described the operation of the New York 
Museum of Science and Industry. W. C. 
F. Farnell attended sessions that were 
held on May 20 and 21. 

Dr. Jewett and F. S. GoucHER were 
present at the dedication ceremony of The 
Franklin Institute in Philadelphia, held 
on May 21. 

On May 31, in Detroit, O. E. Buckley 
gave a talk before some of the supervisory 
force of the Michigan Bell Telephone 
Company. He also visited the labora- 
tories of the General Motors Company. 

AT THE ANNUAL MEETING of the New 
York Electrical Society, held on May 20, 
R. W. King was elected First Vice 
President and G. F. Fowler, Treasurer. 
Mr. Fowler has also been appointed a 
member of the National Tellers Com- 
mittee of the A.I.E.E. 


* * * 


R. C. Matues, Circuit Research Direc- 
tor, completed twenty-five years of 
service with the Western Electric Com- 
pany and the Laboratories on the thirtieth 
of June. Mr. Mathes attended the Uni- 
versity of Minnesota from which he 
received a B.S. degree in 1913 and an E.E. 
degree a year later; he joined the Re- 
search Department immediately there- 
after. He became associated first with the 
development of circuits for the three 
types of repeaters—mechanical, vacuum 
tube and Arnold arc—used on the trans- 
continental line as demonstrated early 
in 

Following this, Mr. Mathes started an 
investigation to determine whether voice- 
operated or “flip-flop” repeaters could be 
substituted for the standard 22 type in 
toll service. Although he came to the 
conclusion that they could not, he has 
since carried on a continuing line of de- 
velopment of related applications such as 
the echo suppressor, vogad, vodas, volume 
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limiter, compandor, etc. His particular 
responsibilities have been with prelimi- 
nary laboratory surveys on new devices 
and circuit arrangements to expand the 
field of telephone service. In addition to 
his voice-operated work, Mr. Mathes has 
been associated with a wide range of 
problems and projects among which are 
amplification and correction of cable 


R. C. Mathes 


telegraph signals for relay operation, 
telegraph transmission, privacy systems, 
terminal connecting-circuits for radio, 
the once projected transatlantic tele- 
phone cable, circuit research on television 
and the single-sideband system for picture 
transmission, testing and signalling de- 
vices, and certain phases of carrier re- 
search and of the coaxial system. The 
diversity of his contributions to the tele- 
phone art is shown by an analysis of the 
seventy-four patents issued in his name. 
More recently Mr. Mathes’ activities, as 
Director of the Circuit Research De- 
partment, have been towards the func- 
tional rather than the project type of 
work; that is, the general extension 
of the capabilities and fields of use 
of circuit elements and functions rather 
than the development of systems to 
specific requirements. 
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During the War, Mr. Mathes was at 
Nahant, Massachusetts, for a time on 
submarine detection work for the U. S. 
Navy. Shortly thereafter, he went to 
Canada to gather data on the Vancouver 
submarine cable in connection with the 
design of the proposed Havana-Key West 
cable. In 1920 he made a trip to Europe 
with R. L. Jones to introduce to several 
foreign countries, through the Western 
Electric branches, the use of vacuum-tube 
repeaters. He became Transmission Sys- 
tems Engineer in 1929, Associate Wire 
Transmission Research Director in 1933 
and Circuit Research Director in 1936. 


* * * * * 


ON THE SIXTH of June, E. C. Molina, 
Switching Theory Engineer of the Local 
Central Office Facilities Department, 
completed forty years of Bell System 
service. Mr. Molina entered the Inspec- 
tion Department of the Western Electric 
Company at West Street in 1898 and a 


E. C. Molina 


year later became Spanish correspondent 
of the Export Sales Department. In 1901, 
he transferred to the Engineering Depart- 
ment of the American Telephone and 
Telegraph Company in Boston where he 
worked on transmission problems under 
George A. Campbell. Four years later he 
transferred to the circuit design group to 
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develop trunking plans and circuits for 
mechanical switching systems for central 
offices. Among the important contribu- 
tions of Mr. Molina in this field was the 
development, in 1905, of a registration 
and translation system of pulses for con- 
trolling the operations of selecting 
switches which permitted lines desig- 
nated on a decimal basis to be inter- 
connected by switches functioning on a 
non-decimal basis. The panel system, 
whose development began early the next 
year, was an immediate outcome of this 
system. One of the values of a translating 
system was to capitalize the higher call- 
carrying efficiencies of large groups of 
trunks and this involved the mathe- 
matical theory of probability, a subject 
on which Mr. Molina became an out- 
standing expert. 

When the Boston Laboratories moved 
to New York in 1907 Mr. Molina con- 
tinued his work on both the circuit and 
probability aspects of dialing systems. 
Late that year he introduced into the 
solution of trunking problems the “par- 
ticular subscriber’s point of view” and 
his Poisson trunking formula. In tgto, he 
developed the counting relay circuit for 
panel system senders. When the Depart- 
ment of Development and Research was 
formed in 1919, he concentrated his ener- 
gies on applications of probability theory 
to telephone engineering problems—work 
which he is now carrying on in the Lab- 
oratories as Switching Theory Engineer. 

In recent years Mr. Molina has con- 
tributed many papers in his chosen field; 
lectured at several universities and before 
engineering societies; presented papers 
before the Toronto, Bologna and Oslo 
International Congresses of Mathema- 
ticians; and testified on the mathematical 
aspects of issues involved in rate cases and 
patent litigation. 


* * 


W. H. Douerty presented a paper en- 
titled Modern Trends in Broadcast Trans- 
mitters at a radio engineering conference 
held at Iowa City on May 13 under the 
auspices of the University of Iowa. 
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G. N. Tuayer visited Chicago to dem- 
onstrate the 27A radio receiver to the 
engineers of various air lines. 

NAvy RADIO equipment was discussed 
in a conference in Washington that was 
attended by H. D. Wilson, R. H. Ricker 
and J. G. Nordahl. 

H. S. Price conferred with radio engi- 
neers of the Federal Communications 
Commission in Washington, D. C. 

J. C. HeRBeEr is visiting Buenos Aires 
to supervise the installation of the new 
407A-3 radio transmitting equipment and 
the adjustment of the antenna system 
being installed at Station LS-1. 


F. H. GraHam 


of the Equipment Development Department 
completed thirty years of service in the Bell 
System on the twenty-third of Fune 


IN THE ABOVE PHOTOGRAPH Mr. Graham 
is demonstrating a scale model of his 
design of a grouping frame using T. C. 
Campbell’s multi-helix principle of equal 
cable lengths. 

T. E. Lenican supervised the instal- 
lation of a two-way police radio communi- 
cation system at Nutley, New Jersey. 

J. C. Bay es visited Trenton to super- 
vise the installation of a 353E-1 radio 
transmitting equipment and the adjust- 
ment of the shunt-excited vertical radia- 
tor at Station WTNJ. 

A GROUP LUNCHEON of the supervisors 
of the Apparatus Development Depart- 
ment was held at the Hotel Victoria on 
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May 25. Following the luncheon, H. J. 
Delchamps, who presided at the meetin 
introduced the speaker, A. F. Dixon, who 
spoke on Some Observations from the 
Systems-Department Point of View. The 
meeting was attended by about 175 men. 
The committee in charge of arrangements 
was as follows: P. S. Darnell, J. B. Dixon, 
E. C. Edwards, R. C. Koernig, G. Puller, 
W. H. Sellew, O. A. Shann, H. D. Wilson 
and J. M. Wilson. 

R. T. Srapes and R. L. Geruso ob- 
served the manufacture of special tinsel 
in the plant of the General Cable Com- 
pany at Perth Amboy. 

At Point Breeze, M. V. Thompson 
discussed the development of cords for ° 
use in the Type-J carrier system and 
H. H. Staebner, the development of 
station cords. 

F. J. Given, at Washington, discussed 
condenser specifications with engineers of 
the Bureau of Engineering of the Navy 
Department. 

A. C. WALKER was elected chairman of 
the Advisory Committee for Drying Re- 
search on Textiles at the annual meeting 
of the U. S. Institute for Textile Research 
held in New York on May 24. 

L. N. Hampton, together with C. S. 
Johnson and J. E. Palmer of the Western 
Electric Company, visited the plant of the 
Samson United Corporation at Rochester 
on matters pertaining to the manufacture 
of ventilating fans. 

W. W. Werarzinc and E. C. Erickson, 
at Hartford, attended an exhibit of Pratt 
and Whitney and also an exhibit of 
Bausch and Lomb on measuring and 
gauging equipment. 

C. H. and W. L. Turrne. 
discussed transmitter materials with engi- 
neers of the General Plate Company at 
Attleboro, Massachusetts. 

W. J. Farmer and J. P. Guerarp 
have completed studies on lead-cable 
sheath which they have been carrying out 
over the past few months at Chester. 

A. C. Link and A. K. Leupo tp of the 
Western Electric Company at Hawthorne 
visited the Laboratories to discuss central 
office apparatus problems. At Hawthorne, 
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; 


H. A. Frederick, H. O. Siegmund and 
J. R. Townsend discussed various ma- 
terials and apparatus problems; H. M. 
Stoller, the manufacturing methods ap- 
plicable to machine-switching equipment; 
R. H. Griest and M. L. Martin, the new 
test set for granular carbon; and L. J. 
Cobb, telephone instrument testing equip- 
ment. D. T. Eighmey also spent some 
time at Hawthorne on a quality survey 
of handsets. 

J. R. Townsenp spoke on Special Use 
Materials before the Detroit section of the 
American Society for Metals. 

T. S. Huxuam spent several days at 
Point Breeze on molding problems. 

C. G. McCormick, at several tele- 
phone exchanges in Connecticut, Massa- 


W. C. 
of the Patent Department completed thirty 
years of service in the Bell System on the 
ninth of ‘fune 


chusetts and New York, studied main- 
tenance problems of step-by-step central- 
office equipment. 

R. F. Matuina visited the Monroe 
Calculating Machine Company, Orange, 
New Jersey, and the Underwood Type- 
writer Company, Hartford, to study 
design problems. 

W. T. Booru made trips to Boston and 
to Cleveland, Detroit, Chicago and Cin- 


July 1938 


cinnati to review repair practices at dis- 
tributing houses and telephone com- 
panies. M. A. Davis of the American 
Telephone and Telegraph Company and 


S. J. Guss 
of the Central Office Switching Development 
Department completed thirty years of service 
in the Bell System on Fune 22 


F. W. Berry of the Western Electric 
Company accompanied Mr. Booth on 
both trips. 

THE DESIGN of hair springs for use in 
electrical apparatus was discussed by 
G. R. Gohn, W. G. Laskey, C. F. Swasey 
and L. Vieth at the manufacturing plant 
of F. N. Manross and Sons, Bristol, 
Connecticut. 

In RECOGNITION of their achievement 
in the rubber industry, A. R. Kemp and 
F. S. Malm have recently been elected as 
fellows of The Institution of the Rubber 
Industry. This is a British organization 
whose purpose is to promote the efficiency 
of the rubber industry, which depends 
largely on technical skill and initiative. 
Since 1921, when the Institution was 
founded, 15 Americans have been given 
this honor through election to fellowship. 

On May 24, R. R. Riesz described and 
demonstrated the artificial larynx before 
the Mount Vernon Kiwanis Club. 
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AT THE LAST meeting of the Radio 
Colloquium, held at the Holmdel radio 
laboratory, A. G. Jensen spoke on Te/e- 
vision Systems. He gave a broad outline of 
the various methods for producing and 
reproducing television images. 

C. S. Futter and C. J. Froscu pre- 
sented a paper entitled Further Investi- 
gation of the Chain Structure of High 
Molecular Esters before the Colloid Di- 
vision of the American Chemical Society 
that was held in Boston on June 9g. 


R. B. Shanck 


R. B. SHAnck’s first communication 
experience was with the Baltimore and 
Ohio Railroad, on which, as a telegraph 
operator, he worked for a little over a year. 
Early in 1910 he joined the American 
Telephone and Telegraph Company at 
Phoneton, Ohio, where he was first a test- 
wire operator and later a telegraph re- 
peater and test board man. In September, 
1g1t, he left to attend Ohio State Uni- 
versity where he received his B.E.E. de- 
gree in 1915. During summer vacations 
he continued his work at the Phoneton 
repeater station. Upon graduation Mr. 
Shanck joined the Engineering Depart- 
ment of the A. T. and T. Company in 
New York where he became associated 
with the development of direct-current 
telegraph systems, including superposi- 
tion on telephone circuits and transmis- 


[viii] 


sion measurements. A large part of the 
time he was in charge of experimental 
work in the field, mostly on the weak. 
current d-c metallic telegraph system for 
long cables. 

When the Department of Development 
and Research was organized in 1919, Mr, 
Shanck continued his telegraph activities 
in the toll development transmission 
group. In 1921 he was placed in charge of 
a group responsible for transmission de- 
velopment of d-c telegraph systems, 
telegraph transmission measurements and 
standards and interference problems be- 
tween telegraph and telephone. In 1925 
he also assumed responsibility for carrier 
telegraph transmission development. He 
came to the Laboratories at the time of 
the 1934 consolidation and is at present 
Telegraph Transmission Engineer in the 
Transmission Development Department. 
Twenty patents have been issued to him 
and he has been author or co-author of 
several technical papers among which are 
Metallic Polar-Duplex Telegraph System 
for Long Small-Gauge Cables, Neutraliza- 
tion of Telegraph Crossfire and Measure- 
ment of Telegraph Transmission. 

On the seventh of May, Mr. Shanck re- 
ceived a five-star emblem signifying his 
completion of twenty-five years of service 
in the Bell System. 


* * * * * 


Joxun Kunze, instrument maker in the 
Development Shop, who completed forty- 
seven years of service last October, retired 
on the twentieth of May. Starting as an 
apprentice in the Thames Street plant, 
Mr. Kunze worked on range finders 
and semaphores for the U. S. Navy. He 
installed many of these devices at the 
Brooklyn Navy Yard under the direction 
of the late Rear Admiral Bradley A. 
Fiske, who at that time was a Naval 
Lieutenant. He came to the West Street 
building when it was first put into service 
in 1898 and was transferred to the Model 
Shop, as the present Development Shop 
was then known, in IgII. 

In the period since 1911, Mr. Kunze 
has had a hand in the mechanical work 
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on some of the most outstanding de- 
velopments of the Laboratories. He 
worked on the terminal equipment for the 
New York-Azores cable, the first perm- 
alloy-loaded cable to be put into service. 
He also worked on diaphragms for 
dynamic receivers and transmitters. In 
1932 he was assigned to the Research 
Department to give laboratory assistance 
of a predominantly mechanical nature. 
For these activities he was especially 
qualified. His work, carried out in accord- 
ance with the technical requirements of 
the research engineer, consisted of making 
intricate and complicated special appa- 
ratus where accuracy of the first order 
was necessary. 

On June 3 a Gladstone bag and a 
diamond signet ring were presented to 
Mr. Kunze by his associates. 


* 


ON THE TENTH of June, William Boden- 
stedt, ““Bodie’” as he is known to his 
many friends throughout the Labora- 
tories, received a five-star emblem signi- 
fying his completion of twenty-five years 
of service in the Western Electric Com- 
pany and the Laboratories. His first con- 
tact with the Bell System was in 1906 
when he joined the manufacturing organi- 
zation of the Western Electric Company 


Fohn Kunze 
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as a cabinetmaker, a few months later 
transferring to the tool room. In 1907 he 
left the company. Starting in 1909, with 
the Locomobile Company of America at 


William Bodenstedt 


Bridgeport, Connecticut, he supervised 
milling machine operation until 1913 
when he engaged in similar work with the 
American Machine and Foundry Com- 
pany in Brooklyn. A year and a half later 
he returned to the Western Electric Com- 
pany as a milling machine operator in 
what is now the Development Shop. In 
the intervening years, as a specialist in 
gear work, he has been associated with 
the mechanical aspects of many impor- 
tant projects, such as the equipment for 
the first Azores cable, sound pictures and 
television apparatus. 

For many years “Bodie” has taken an 
active part in the baseball and bowling 
activities of the Bell Laboratories Club. 
He has managed the baseball team several 
times and for the coming year will be 
chairman of the “‘A”’ Group of the Men’s 
Bowling League. 


* * * * * 


C. E. Fay has been elected to member- 
ship in Sigma Xi by the chapter at 
Washington University. 

In ENGLAND, on May 4, R. Bown pre- 
sented a paper before the Wireless Section 
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of the Institution of Electrical Engineers 
on Researches in Radiotelephony. 

AT A MEETING of the New Jersey Asso- 
ciation of Teachers, held at Rutgers Uni- 
versity, J. C. Steinberg showed high-speed 
motion pictures of vocal cords. 

H. L. Barney was in Boston in con- 
nection with the installation of a volume 
compressor and expander. 

On A RECENT TRIP to Philadelphia, 
A. G. Jensen, W. A. Knoop and F. R. 
Norton inspected television equipment of 
the Farnsworth Television Corporation. 

W. L. Bonn visited Harvard Univer- 
sity to discuss problems connected with 
piezo-electric materials. 

H. E. Ives spoke at Princeton Uni- 
versity on 4n Experimental Study of the 
Rate of a Moving Atomic Clock. 

K. K. Darrow presented Neutral 
Particles in Physics before the American 
Philosophical Society at Philadelphia and 
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The Washington Award for 1938 which was 
presented to Dr. Fewett on May 5 by the 
Western Society of Engineers 
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Radioactivity—Artificial and Natural be. 
fore the Northeastern District meetin 
of the A.I.E.E. at Lenox, Massachusetts. 
He also attended the American Physica] 
Society meetings in Washington. 

B. L. CLarkeE spoke on Microanalysis 
before the New York section of the 
Electrochemical Society. 

V. J. AtBano was in Lawrenceville 
and Forked River on underground cor. 
rosion testing of drop wires. 

D. S. Myers, with L. R. Kalmbach 
of the General Installation Engineer's 
organization, inspected auxiliary framing 
and frame supports at the step-by-step 
central office in Trenton. 

I. W. Brown visited Cleveland to dis- 
cuss the intertoll dialing project for the 
northeastern area in Ohio. 

F. T. Forster and C. P. Kocu made 
tests on a field trial of batteries at West 
Hartford. Mr. Forster also attended a 
battery conference at Philadelphia. 

V. T. discussed reserve 
engines with manufacturers at Buffalo, 
Canton, Ohio, and Peoria. 

J. H. Sore was in Cleveland and in 
Williamsport, Pennsylvania, on problems 
of machine design and voltage regulation. 

J. P. Horrmann inspected the initial 
commercial installation of the projection- 
type transmission measuring equipment 
at Lansdale, Pennsylvania. 

W. R. SrEENECK has been assisting the 
installation forces of the Western Electric 
Company on engineering problems con- 
nected with the first installation in the 
Southwestern territory of Type-J carrier 
telephone equipment. This installation 1s 
between Dallas and San Antonio. 

SEVERAL COAXIAL repeaters between 
New York and Princeton were inspected 
by H. S. Black, M. M. Bower, R. W. 
Chesnut and M. E. Strieby. 

AN EXPERIMENTAL trial of a new ship- 
to-shore radio telephone system, including 
the E-1 control terminal, is being made at 
Norfolk, Virginia. C. N. Anderson, J. B. 
Bishop, J. E. Corbin, H. C. Foreman, 
J. C. Lozier, W. A. MacMaster, H. M. 
Pruden and S. B. Williams have partici- 
pated in this installation recently. 
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Cc. O. Cross, who is located at the 
Phoenixville test station, completed 
twenty-five years of Bell System service 
on April 26. Mr. Cross joined the Long 
Lines Plant Department of the American 


C. O. Cross 


Telephone and Telegraph Company in 
1902 and with the exception of two years 
was engaged until 1910 in open-wire con- 
struction work in the East, South and 
Middle West. He then left to become 
superintendent of the T. D. Just Graphite 
Mining Company at Uwchland, Pennsyl- 
vania, where he remained for eight years. 
Again joining the Long Lines Plant De- 
partment he worked for four months as a 
clerk on an installation between Wash- 
ington and Lynchburg and then as a 


construction foreman on a new line from 
Culpepper, Virginia, to Washington and 
on the rebuilding of the Dallastown- 
Lancaster line from Redwell to McCall’s 
Ferry in Pennsylvania. 

In 1920 the Newtown Square-Temple 
toll line was abandoned by the A. T. and 
T. Company but an eight-mile section at 
Phoenixville was retained by the Depart- 
ment of Development and Research for 
crosstalk testing purposes. Mr. Cross was 
soon transferred to Phoenixville to carry 
on whatever construction work was re- 
quired. Since that time most of the 
experimental work associated with the 
development of the principles underlying 
methods of designing transpositions for 
open-wire circuits, for both voice and 
carrier frequencies, has been carried on 
at this test station. 


A. E. Perrie called on various tele- 
phone companies and machine manu- 
facturers in the Middle West to study 
field requirements of apparatus and 
machine development. 

R. W. Lance and C. W. Lunp are at 
Jacksonville, West Palm Beach and inter- 
mediate repeater points to assist in the 
testing of equipment being installed at 
these points, which will be used ultimately 
as part of two commercial Type-J carrier 
telephone systems between Charlotte and 
West Palm Beach. Upon completion 
they will remain in Florida to obtain line 
and system performance data. 


MEMBERS OF THE LABORATORIES WHO COMPLETED TWENTY YEARS OF 
SERVICE IN THE Bet System Durinc JUNE 


Apparatus Development Department 


June 19 
June 10 
Research Department 
General Staff Department 
Miss M. M. Haggerty.................4- June 24 


General Service Department 


Commercial Relations Department 


Plant Department 
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TELETYPEWRITERS were demonstrated 
to the U. S. Signal Corps at Fort Mon- 
mouth, New Jersey, on May to by E. F. 
Watson together with A. H. Reiber and 
J. O. Carr of the Teletype Corporation. 

M. T. Dow and W. E. Retp have gone 
to Oklahoma City to make tests on noise 
caused by static on open-wire lines and 
to try out new equipment for recording 
the noise. 

R. P. Booru and R. N. Hunter were 
at Point Breeze in connection with the 
construction of experimental lengths of 
shielded balanced pair cable. 

J. L. Linpner has moved from Albu- 
querque, New Mexico, to Holbrook, Ari- 
zona, where he is continuing high-fre- 
quency crosstalk tests in preparation for 
the operation of Type-J carrier systems 
on the Fourth Transcontinental Line. 

F. W. Ampere and L. Hocucrar re- 
turned to New York upon completion of 
crosstalk and noise measurements on 
cable sections between Petersburg, Vir- 
ginia, and Norlina, North Carolina, in 
connection with Type-K carrier telephone 
system problems. 

H. B. Noyes is in Florida supervising 
the crosstalk balancing on the incidental 
cables in the Jacksonville-West Palm 
Beach Type-J carrier system. 

J. H. Shunart and C. H. Gorman, Jr., 
have been in Eau Gallie, Florida, where 
they have been making crosstalk tests 
on open-wire lines of the Type-J carrier 
telephone installation. 

F. H. Best was in Lansdale, Pennsyl- 
vania, Columbus and Springfield, Ohio, 
inspecting the operating companies’ in- 
stallations of 40B transmission measuring 
systems and 17B toll test boards. 

H. R. Moore has left for Florida where 
he will act as Field Engineer for the 
Type-J trial installation. 

L. F. StaEHLER has returned from Mt. 
Pocono, Pennsylvania, where he has been 
making noise measurements and _ high- 
frequency attenuation measurements on 
conductors of open-wire circuits. 


Ar Point Breeze, R. P. Booth, K. E., 
Gould, E. I. Green, R. N. Hunter 
L. M. Ilgenfritz, W. E. Mougey, M. E. 
Strieby and J. F. Wentz discussed the 
manufacture of various types of high- 
frequency cable structures. 

THE SPRING MEETING of the Middle 
Atlantic Section of the Society for the 
Promotion of Engineering Education, 
held on May 7 at Lafayette College, 
Easton, Pennsylvania, was attended by 
G. B. Thomas, R. J. Heffner, R. A, 
Deller and H. P. Smith. Mr. Deller was a 
member of the panel of educators and 
technicians which discussed the subject 
presented by the main speaker. 

R. J. HeErrner attended the Eight- 
eenth Annual Industrial Conference held 
at Pennsylvania State College. 

Joun MILts was one of four speakers 
taking part in a symposium on The Im- 
pact of Science on the Arts held during 
Alumni Day at M.I.T. on June 6. His 
subject was Engineering and Art. 

H. S. SHEpparp testified before the 
Indiana Public Service Commission in 
connection with a petition of the Indiana 
Bell Telephone Company. 

Joun Bicker, a_ former building 
trades mechanic in the Plant Depart- 
ment, died on May tg. Mr. Bickler’s 
service in the Bell System extended from 
May 8, 1902, to September 1, 1932, when 
he was retired. 

THE LABORATORIES were represented 
in interference proceedings at the Patent 
Office in Washington by R. Marino 
before the Board of Appeals; by F. Mohr 
and B. F. Stoddard before the Examiner 
of Interferences. 

Durinc May, E. W. Adams, J. W. 
Schmied and W. F. Simpson were in 
Wilmington, Delaware, in connection 
with patent litigation. They were ac- 
companied by J. H. Bell, J. J. Catogge, 
F. S. Kinkead, G. A. Locke, L. W. Parker, 
F. J. Singer of the Systems Development 
Department and C. C. Rose of the A. T. 
and T. Company’s Patent Department. 
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A Teletypewriter Switchboard for Private 


Line or PBX Service 


By L. A. GARDNER 
Telegraph Facilities Department 


WITCHING arrangements for 
teletypewriters were introduced 
commercially in private line net- 

works shortly after the introduction of 
the teletypewriter itself, and at the 
present time there are a number of 
both special and standard arrange- 
ments in use. One of the standard ar- 
rangements, the No. 65-B-1 teletype- 
writer switchboard, was developed for 
state police authorities and business 
concerns having private-wire net- 
works extending over wide areas, and 
was described in the Recorp for 
September, 1936. It has also been 
found desirable to provide as a com- 
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plement to the No. 65-B-1 switch- 
board a new switching arrangement 
for application in restricted rather 
than extensive areas, and arranged 
for station-to-station and broadcast 
service. Furthermore, since the intro- 
duction of teletypewriter exchange 
service it has become desirable to de- 
velop equipment that could be used 
as a private branch exchange, and this 
new equipment, the No. 67-A-2, is 
suitable for either local private-line or 
private-branch-exchange service. It 
has a flexible basic design that per- 
mits special features to be added in an 
economical manner. The first installa- 
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tion of a standard board of this type, 
for the Buffalo municipal police, is 
shown in the photograph at the head 
of this article. 

This new board utilizes the frame- 
work of the 551A PBX,* and provides 
for twenty subscriber lines. To serve 
these lines, ten cord circuits and two 
switchboard-attendant circuits are 
provided, although a partially 
equipped board may be obtained if de- 
sired. Each line jack has a calling 
lamp associated with it, and each cord 
circuit has an attendant’s teletype- 
writer key, a ringing key, a broadcast 
key, and two supervisory lamps, one 
associated with the calling and one 
with the answering cord. Beneath the 
line jacks is space for incoming trunks 
from a TWX office when the board is 
used as a PBX. The number of these 
trunks ordinarily required is deter- 
mined by traffic conditions, but is 
generally not more than two or three. 

*Recorp, July, 1928, p. 363. 


The cords of previous teletype. 
writer switchboards have generally 
been equipped with repeating relays 
which permit the connecting lines to 
be about thirty miles long. Since the 
new board is of small capacity, and 
designed primarily to serve only re. 
stricted areas, no relays are provided 
in the cord circuits. This limits the 
length of the lines to about fifteen 
miles, but gives a simpler and less ex. 
pensive board, which was one of the 
objectives sought. Service to stations 
at approximately twice this distance, 
however, may be supplied by the use. 
of extension repeater equipment, This 
equipment is arranged in a small wall- 
cabinet and may be mounted ad- 
jacent to the switchboard. 

A simplified schematic of the line 
and cord circuits is shown in Figure 1, 
with the help of which the usual 
operation of the board may readily be 
followed. When a subscriber wishes to 
place a call, he closes his power 


ATTENDANTS 
TELETYPE- 
( WRITER 
-48 
VOLTS 
VOLTS 
£ | ce 
= = = 
jYOLTs 
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ANS- CALL 
= WER i 
LINE -48 , = LINE 
win VOLTS! 
a 
> 
4g | 
RINGING 
-! voits $+ KEY 20v 
124 VOLTS 
= TO MOTOR- = 
GENERATOR CONTROL 
RECALL RECALL 
Fig. 1—Simplified schematic of a line and cord circuit as used for connecting two 


teletypewriter subscribers for an ordinary call 
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switch, thus closing the loop. Relay L 
at the board then operates, and lights 
the line lamp. The attendant inserts 
the answering plug of a cord into the 
jack of the calling line, which opens 
the circuit to the line relay, and the 
calling lamp goes out. He then oper- 


ates his teletypewriter 


by the attendant to any or all of the 
stations, or by any one of the stations 
to any or all of the others. When the 
attendant is to broadcast, he connects 
the stations that he wants to reach in 
pairs with the cords, and then operates 
the cord keys to the proper positions. 


key and communicates BROADCAST 
with the subscriber to L_WRITER LINE 
obtain information as D BROADCAS 
to the line wanted. [ 1 | 
h lli +48 -48 VOLTS: 
he inserts the calling VOLTS i le 
plug of the cord into rtd 
the jack of the line SCRIBERS, 
called, and rings the a 
called station. At any VOLTS VOLTS 
time after this the at- : Ls 
his teletypewriter from SET 
the circuit and use it 
in connection with yas, | Iscripers! (+48  |scrigers! 


other calls, although or- 


dinarily he will remain Fig. 2—Simplified schematic of the broadcasting-cord circuit, 
on the line until the used to enable one station to broadcast to a number of others 


called party answers. 

The two windings on relays AB and 
cB oppose each other, and thus these 
two relays remain unoperated during 
the transmission of telegraph signals. 
Should one of the subscribers wish to 
recall the operator, he operates inter- 
mittently a station key which grounds 
one side of the line. As a result the 
currents through the windings of As 
or cB are unbalanced, and the relay 
operates intermittently, and depend- 
ing on which subscriber is recalling 
flashes either the “calling” or the 
“answering” lamp. At the end of the 
communication the station attendants 
release the power switches, stopping 
their respective teletypewriters, open- 
ing the lines, and grounding one side 
so that the cord lamps will light. 

The circuits of the new switchboard 
permit broadcasts to be made either 
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With his teletypewriter connected to 
all stations, he types his message. 
When one station is to broadcast 
to some or all of the others, a special 
broadcast cord is employed. This is a 
single-ended cord which is plugged 
into the line that is going to broad- 
cast. The stations that are to receive 
are connected together with the regu- 
lar cords as before. A schematic 
for this cord circuit, indicating the 
connections during such a broadcast, 
is shown in Figure 2. An associated 
key provides for connecting the at- 
tendant’s teletypewriter into a broad- 
cast connection, or for ringing a sta- 
tion which has previously requested a 
broadcast circuit—thus notifying it 
that the connection is ready for use. 
When the attendant at the broad- 
casting station operates his teletype- 
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writer, the signals are repeated to the 
other stations through the polarized 
relay Bc. Recalling and disconnecting 
are performed through relay BB as 
with other calls. 

Positive and negative 48-volt power 
is required for the transmission cir- 
cuits, and is supplied from two motor- 
generators arranged in a cabinet 
about three and a half feet high and 
three feet wide. The motor-generators 
are plug-connected to facilitate rapid 
replacement with a spare machine if 
necessary. The cabinet is _ floor- 
mounted, and may be located in any 
convenient place. Twenty-four-volt 
power is required for the supervisory 
lamps, and this as well as ringing cur- 
rent may be obtained from a nearby 
central office. The 48-volt motor- 


generator sets are operated only when 
the board is in use, and are started 
automatically by the insertion of a 
plug into any of the jacks. 

Besides its provision for TWX 
trunks, the board also provides for tie 
lines to another PBX of the same 
type. Both the trunks and the tie lines 
require terminating equipment, which 
is mounted in the cabinet used for the 
extension repeater equipment. Every 
effort has been made to incorporate in 
the board only the types of equipment 
that will be required regardless of 
how the board is to be used, but the 
quantity of equipment supplied will 
vary to meet individual specifications. 
In this manner, the price of the switch- 
board has been kept moderate with- 
out restricting its wide applicability. 


To measure the stretching which lead-cable sheath and other sheet metals show under 
heavy tension, heavy weights are hung on thin strips of these materials and the stretching 
is determined by measuring the rate at which two marks on each strip separate. The 
time required to increase the length by one-half varies from three days to six months 
depending on the stiffness of the metal. The temperature of the test room has to be 
maintained constant within two degrees to avoid effects of expansion or contraction 
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The 281A Program Line Panel 


By R. E. KUEBLER 
Special Products Department 


MODERN broadcasting studio 
requires extensive facilities for 
program switching and dis- 
patching. Such a studio really com- 
prises a group of individual studios of 
various sizes, and at almost any hour 
of the day an actual broadcast will be 
in progress in one of them while the 
others are in use for rehearsals or are 
in preparation for the next broadcast. 
At the dispatching center for the 
studio system there are channels from 
all the individual studios, incoming 
and outgoing program and order-wire 
lines or trunks for connection to the 
various broadcast networks and to the 
radio station, and incoming program 
and telephone order-wire lines from 
other pick-up points in the immediate 
area, such as hotels or auditoriums. 
The apparatus associated with these 
circuits consists, for the most part, of 
standard panels each of which is in- 
tended for a particular purpose in the 
coordinated system, although in many 
cases, such as the larger broadcasting 
systems, a combination of standard 
units with special units incorporating 
switching, control, and supervision 
facilities is employed to meet the re- 
quirements of the particular studio. 
The 281A program line panel is an 
example of a standard unit of recent 
design for use with program network 
circuits between the broadcasting 
studios or the radio transmitter loca- 
tions and telephone toll offices. This 
panel provides terminal equipment 
such as repeating coils, equalizers, and 
artificial lines for incoming and out- 
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going program lines. Occupying only 
834” of vertical mounting space in 
the relay rack or cabinet, the original 
complement of apparatus includes one 
repeating coil, fixed pads with im- 
pedances suitable for operation into 
or out of the local studio equipment 
associated with the particular pro- 
gram network, and a full complement 
of terminals and jacks. Mounting 
positions and wiring are provided, 
however, for a total of three repeating 
coils and two line equalizers. When 
fully equipped the program line panel 
thus accommodates a maximum of 
one order-wire and three program cir- 


PHOTOGRAPH 
FIG.3 


FRONT MAT 
JACKS ONLY 


PHOTOGRAPH-FIG.5 
JACKS AND PERMANENT WIRING ONLY 
PANEL 


JACK TERMINALS, TERMINAL STRIP, 
PADS, REPEATING COILS AND 
EQUALIZERS 


PHOTOGRAPH-FIG. 3 t COVER PLATE 


Fig. 1—A cross-section reveals the division 

into two compartments: one for permanent 

and the other for semi-permanent connec- 

tions. Arrows show points-of-view of sub- 
sequent illustrations 


cuits. The limited complement of ap- 
paratus is furnished so as to make the 
panel economical for the smaller 
studios where there is employed only 
a single incoming program network 
together with an emergency program 
circuit which may also serve as a tele- 
phone order-wire. In many such cases 
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the length of the program loop will 
be short enough to give satisfactory 
transmission without an equalizer and 
with only a repeating coil at each end 
of the circuit. The additional equip- 
ment may then be added as the needs 
of the system increase. 

A simplified schematic of the circuit 
arrangement is shown in Figure 2, 
where the original equipment is drawn 
in solid lines, and the optional later 
additions in dotted lines. Besides the 
apparatus that would normally be as- 
sociated with the three lines, there are 
two impedance translating pads, used 
for connecting the lines to speech 
amplifier circuits or local micro- 


phones, and several spare jacks. Each 
piece of apparatus is wired either to 
jacks or terminals so that a maximum 
of flexibility in possible circuit ar. 
rangement is secured. The spare jacks 
are of two types as indicated in the 
diagram, and by simple connections 
at the terminal strip may be con- 
nected into almost any part of the 
three lines. All jacks carrying voice 
currents are provided with parallel 
contacts so that more positive con- 
nection is assured. The impedance 
pads are also connected to the termi- 
nal strip so that their insertion in any 
one of the circuits is equally simple. 
When the program line panel, fully 
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Fig. 2—Simplified schematic of the 281A program line panel 
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Fig. 3—The front assembled view shows only the 
jacks. The mat ts fastened by screws from the back 
of the dished mounting panel. The rear cover is 
readily removed by unscrewing two knurled nuts 


paratus a very simple matter. 
As shown in Figure 1, the re- 
cessed, or concave, part of the 
panel faces the front, and is 
covered with the front mat 
through which the faces of 
the jacks project as shown in 
the upper part of Figure 3. 
On the rear of the panel, Fig- 
ure 4, is mounted all the ap- 
paratus — repeating coils, 
equalizers, and pads—and al- 
so the terminal strip to which 
the apparatus is wired. The 
terminals of the repeating 
coils, equalizers, and _ resist- 
ance pads project through the 
panel to the front side, as 
shown in Figure 5, and cabling 
from one side of the terminal 
strip runs through an opening 
in the panel to the front where 
it is permanently connected to 
the various pieces of appa- 
ratus. The terminals of the 
jacks, which are located on 
the rear of the program line 
panel, are connected either to 


equipped, is called upon to handle two the terminal strip or to the perma- 
regular incoming loops or two in- nent wiring as required. 
coming and two outgoing loops, the Switching of circuits or patching 


use of a No. 269A 
attenuator panel is de- 
sirable. This panel pro- 
vides variable attenu- 
ation as well as im- 
pedance translation to 
30 ohms for two in- 
coming programs, uti- 
lizing two repeating 
coils in the program 
line panel. 


The recessed-panel 
construction employed 
for this equipment 


makes the insertion of Fig: 4—As normally supplied, only one repeating coil is 
spare apparatus or the furnished with the panel, but space is provided for two addi- 
rearrangement of ap- tional repeating coils and two equalizers 
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where these operations are required, is 
accomplished by patching cords and 
plugs from the front of the frame, 
while the more permanent connections 
are made by jumper wires along the 
terminal strip at the rear. A rear cover 
plate, secured with two knurled nuts, 
is readily removable when such con- 
nections are required. Shield connec- 
tions for the inside wiring pairs are 
not shown in Figure 1, but they are 
connected to separate terminals in- 
stead of to the panel ground, so as to 
permit each shield to be tied inde- 
pendently to the shield of the con- 
necting external pair, which in turn is 
grounded at the associated amplifier 
bay or to the sheath of the cable 


through which the lines enter or leave 
the building. This arrangement in- 
sures a minimum of noise due to 
differences in ground potential. 

The appearance and general design 
of the 281A program line panel har- 
monize with other components of the 
latest Western Electric speech-input 
equipment. When fully equipped it 
offers an appreciable saving in cost 
compared to equivalent apparatus 
components furnished on the former 
basis. Besides the advantage of small 
size, low cost and flexibility, the 
provision of improved-type repeating 
coils and equalization equipment 
brings the 281A panel into line with 
the best practice of the present day. 


Fig. s—Nothing but permanent wiring and the terminals of 
the apparatus appear on the front of the mounting panel 
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Gas Tube 


Voltage 


Recorders 


By L. K. SWART 


Protection Development 


T is sometimes necessary to de- 

termine, under field conditions, the 

magnitude and time of occurrence 
of voltages which are induced in tele- 
phone circuits by faults on neighbor- 
ing power lines. Since these disturb- 
ances are infrequent and cannot be 
anticipated, their investigation re- 
quires an automatic device which is 
always ready to record. It is also de- 
sirable that it consume no energy 
except when recording. These re- 
quirements have been met in a 
voltage-recorder controlled by cold- 
cathode tubes which become con- 
ducting when the applied voltage 
exceeds a critical value. Records of 
disturbances with any desired range 
of voltages can be handled readily by 
using several tubes in a suitable cir- 
cuit arrangement. 

The cold-cathode tubes employed 
have two activated cathodes and a 
non-activated anode and contain at 
low pressure a mixture of gases of 
which either neon or argon is the 
most important constituent. The cir- 
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cuit to be tested is connected to the 
two cathodes or control electrodes. 
The anode is used in conjunction with 
one of the cathodes and a local bat- 
tery as a secondary circuit to operate 
the recording equipment. When the 
voltage induced in the telephone line 
exceeds a certain value, the gas in the 
tube becomes ionized. This reduces the 
impedance of the secondary circuit 
sufficiently to allow current from the 
battery to actuate the recording 
equipment. The potential applied by 
the battery, however, must be suffi- 
cient to sustain ionization but in- 
sufficient to initiate it. Also necessary 
are means for extinguishing the tubes 
after the disturbing voltage is re- 
corded, and for preparing the record- 
ing mechanism for the next  dis- 
turbance to occur. 

One method introduces a restoring 
relay which shunts out the battery 
from the anode and cathode circuit 
after the record has been made, and 
thus reduces the potential between 
these electrodes below that required - 
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Fig. 2—Rear view of a two-stage voltage recorder which is equipped with message 
registers and a time-delay circuit 


to sustain ionization. Simultaneously, 
current is withdrawn from the restor- 
ing relay which therefore releases and 
removes the shunt, and thus restores 
the anode to a condition of readiness 
to record. If disturbing voltage suff- 


MESSAGE 
REGISTER 
INPUT 
VOLTAGE 130 
DIVIDER 3 
ADJUSTABLE 
BIAS 


Fig. 1—Circuit of a single-stage voltage 
recorder showing the restoring relay which 
short-circutts the gas tube 


cient to produce ionization is still 
present, the restoring relay will repeat 
this cycle of operations until the volt- 
age disappears. Across the terminals 
of the relay are bridged a condenser 
and resistance to prevent transient 
voltages, caused by opening the relay 
circuit, from re-ionizing the gas in the 
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tube. The simplified circuit of Figurer | 
illustrates a single-stage recorder and 
shows one method for restoring the 
tube to normal. 

Several types of voltage recorders 
have been constructed on these prin- 
ciples. They range from single-stage 
recorders, which operate only when 
the voltage on the telephone line ex- 
ceeds a predetermined magnitude, to 
multi-stage recorders which indicate | 
voltages in twelve steps. In the sim- 
pler types message registers associated 
with each stage have been employed 
to count the number of times each 
tube is operated. Other types have 
been constructed which give on a 
paper tape a permanent record of the 
magnitude of the voltage and the date 
and time of occurrence of the disturb- 
ances. The duration of the event is also 
indicated if in excess of one minute. 

In the simple schematic diagram of 
Figure 1, the circuit on which the 
voltage is to be measured is connected 
to the input. The minimum operating 
voltage of the recorder is determined 
by the adjustment of the voltage 
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divider and biasing potential. For 
measurements of voltage in excess of 
seventy volts peak, no bias is em- 
ployed and the operation of the tube 
takes place at either half of the a-c 
cycle. Voltages of sufficient magnitude 
produce ionization of the gas within 
the tube, resulting in operation of the 
message register and the restoring 
relay through the anode-cathode cir- 
cuit of the gas tube. Closing of the 
contacts of the restoring relay and 
message register completes a circuit 
which shunts the battery from the 
restoring relay and the tube inter- 
mittently, but which holds the regis- 
ter operated during the vibration of 
the restoring relay. The vibration of 
this relay continues for the duration 
of the applied voltage which produces 
ionization of the tube at its input. As 
soon as this potential disappears the 
tube becomes non-conducting, and the 
relay and register are released. 

In multi-stage recorders the circuit 
operating at the lowest potential is 
used as a control stage and only this 
stage is equipped with the restoring 
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device. Means are provided for open- 
ing the battery circuit to other stages 
after the control stage has been re- 
stored. Since recording devices, such 
as message registers or time stamps, 
operate more slowly than other relays 
in the circuit, the operation of the re- 
storing circuit is delayed to allow the 
recording equipment to function. 

In Figure 2 is shown a two-stage 
recorder with message registers. The 
power for the instrument may be sup- 
plied from 130-volt office battery or 
from ordinary dry-cell B batteries. 
The life of the batteries will approxi- 
mate their normal shelf life since, in 
general, very little duty is required of 
them. This instrument requires little 
attention except to take readings of 
the message registers at desired inter- 
vals and to check the battery voltage. 

Recorders of this type, since they 
operate from any voltage which is 
sufficient to cause ionization in at least 
one tube, will indicate the occurrence 
on a telephone line of all voltages 
above a predetermined value, whether 
they originated from power induction, 
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Fig. 3—Schematic of a two-stage voltage recorder showing the time delay circuit which 
Separates the disturbances caused by static discharges from power induction effects 
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lightning or static. In most studies of 
inductive codrdination, however, it is 
desirable that the occurrences of 
voltages due to power induction be 
separated from those caused by light- 
ning or static disturbances. An addi- 
tion known as a “time delay” stage 
has, therefore, been incorporated to 
retard the complete functioning of the 
recording stages for approximately o.1 
second after the beginning of ioniza- 
tion in one or more of the tubes. This 
arbitrary time delay was chosen on 
the basis of data which indicated that 
single disturbances due to lightning 
seldom lasted longer than that. 

The time delay circuit is shown in 
Figure 3. If a voltage across the input 
terminals of the recorder is suf- 
ficient to cause ionization of the 
tube T; in the control stage, the con- 
trol relay will operate. When the con- 
tacts of this relay are closed the 130- 
volt battery is applied to a circuit 
which consists of a resistance Ri in 
series with a condenser c, which in 
turn is shunted by a high resistance Re 
and by the control electrodes of a gas 
tube Tz. Dependent on the constants 
of this circuit is the rate of increase of 
the voltage across the condenser c. 
When this voltage has built up suffi- 
ciently to cause ionization of the 
tube T, in the timing stage, the 
secondary circuit of that tube oper- 
ates a relay TR, which applies 130- 
volt battery to the anode of the 
measuring tube 7;. If the voltage is 
still present at the input of the 
recorder and is high enough to cause 
ionization of the second recording 
stage, its associated message register 
will then operate. 

On disappearance of the surge, the 
restoring relay in the control stage 


restores the control relay to normal. 
the timing condenser will discharge 
immediately through the back con. 
tacts of the control relay; the relay 1p 
associated with the timing tube will 
become de-energized; and thus the 
entire instrument will again be ready 
for a subsequent record. If, however, 
the disturbance does not persist for 
the required length of time for the 
condenser in the timing stage to 
charge to the breakdown potential of 
its associated tube, the battery 
tential will not be applied to the 
secondary circuit of the recording 
stage, tube T; and the associated 
message register will not operate. The 
impulse register however associated 
with the control stage will act re 
gardless of the duration of the surge. 
Therefore by subtracting from its 
readings that of the message registers, 
the number of surges from lightning 
may be obtained as well as those from 
power induction. 

Development work is being con- 
tinued on these devices with the ob- 
jective of associating with the two- 
stage recorder means for making a 
paper tape record of the time at 
which disturbances occur. An elec- 
trically controlled time stamp is being 
used for that purpose. In addition, 
experimental work indicates possi- 
bilities for a six-stage recorder to 
operate with the time stamp; and 
models are on trial. 

Voltage recorders, of course, are not 
limited to the measurement of in- 
duced voltages on telephone circuits. 
They may be employed to advantage 
as recording voltmeters in other in- 
vestigations where there are wanted 
the approximate values and times of 
occurrence of transient voltages. 


Tool Kit for Teletypewriter Maintenance 


By W. M. BACON 
Systems Development 


INCE many teletypewriter sta- 
tions are located some distance 
from company repair shops or 
storerooms for teletypewriters, the 
repairman who maintains these 
stations must be equipped to do a 
variety of work. Maintenance must 
also be carried out with a minimum of 
service interruption and the tools 
used as well as their accessibility have 
an important bearing on the time con- 
sumed on the subscriber’s premises as 
well as the quality of the workman- 
ship. To meet these needs a set of 
tools has been provided which in- 
cludes several special devices to facili- 
tate the work. They are all carried in 
a case designed for the purpose. 
The ordinary equipment consists 
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of wrenches, spring balances, thick- 
ness gauges, spring benders, screw 
drivers and pliers. The special tools 
include a volt-ohm-milliammeter, a 
grease gun, an adapter used in meas- 
uring rectifier voltages, and a tuning 
fork for stroboscopically checking the 
speed of governed motors. 

The volt-ohm-milliammeter is pro- 
vided to test line voltages and cur- 
rents at a teletypewriter station and 
to check the continuity of the wiring. 
It measures © to 50,000 ohms, o to 
150 volts, o to 75 milliamperes and 
o to 150 milliamperes. The circuit for 
measuring resistance is supplied with 
current by a small 4%%-volt battery 
mounted within the case of the meter, 
and the ohm scale reading can be ad- 
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justed by means of a battery adjuster. 
The current measuring circuits are 
protected from overloading by a 0.25 
ampere fuse mounted inside the meter 
box and so located in the circuit that 
it protects both the meter element and 
the shunt coils. Two cords terminat- 
ing in test picks at one end and “pin 
plugs” at the other are provided to 
make connection to the meter which 
is supplied with seven pin jacks to 
receive the plugs. The meter element 
is designed for a full scale deflection 
on 1.5 mils and the voltage circuit 
provides resistance of 1000 ohms per 
volt. The voltage output of the recti- 
fier in teletypewriter stations can be 
adjusted under load conditions by 
inserting the special tool shown be- 
low between the plug on the d-c 
power cord from the teletypewriter 
and the receptacle on the table which 
is in the output circuit of the rectifier. 


A standard commercial grease gun 
equipped with a special nozzle proper. 
ly shaped is supplied to grease the ball 
bearings of teletypewriter motors, 
These guns are also used as grease 
carriers for greasing other parts of the 
mechanisms where pressure is not 
required, such as the gears. 

The carrying case is made of a hard 
leather-grained fibre which gives a 
wear-resistant surface and at the 
same time is neat in appearance. It 
resembles a suitcase and is fastened 
shut by means of brass clamps and a 
lock. Small rubber feet are attached 
to the bottom of the case and to the 
flat side on which it rests when being 
used, to prevent the fibre covering 
from touching the floor and picking 
up dust and dirt. The tools are con- 
veniently available so that the correct 
one for a particular test or adjustment 
can readily be selected. 


Volt-ohm-milliammeter to test voltages, resistances and 

currents at teletypewriter stations. It measures 0-50,000 

ohms, 0-150 volts, 0-75 milliamperes and 0-150 milliamperes. 
The tool in the center measures rectifier voltages under load 
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